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Abstract
The Mono Lake excursion (MLE) is an important time marker that has been found in lake and marine sediments across much of
the Northern Hemisphere. Dating of this event at its type locality, the Mono Basin of California, has yielded controversial results
with the most recent effort concluding that the MLE may actually be the Laschamp excursion (Earth Planet. Sci. Lett. 197 (2002)
151). We show that a volcanic tephra (Ash x15) that occurs near the midpoint of the MLE has a date (not corrected for reservoir
effect) of 28,6207300 14C yr BP (B32,400 GISP2 yr BP) in the Pyramid Lake Basin of Nevada. Given the location of Ash x15 and
the duration of the MLE in the Mono Basin, the event occurred between 31,500 and 33,300 GISP2 yr BP, an age range consistent
with the position and age of the uppermost of two paleointensity minima in the NAPIS-75 stack that has been associated with the
MLE (Philos. Trans. R. Soc. London Ser. A 358 (2000) 1009). The lower paleointensity minimum in the NAPIS-75 stack is
considered to be the Laschamp excursion (Philos. Trans. R. Soc. London Ser. A 358 (2000) 1009).
Published by Elsevier Science Ltd.
1. Introduction
The Mono Lake excursion (MLE) is a paleomagnetic
time marker that is useful in correlating records of
climate change over a large part of the Northern
Hemisphere. It has been found in lacustrine sediments
from the Great Basin of western North America, e.g.
Liddicoat and Coe (1979), Negrini et al. (1984), Liddi-
coat (1992) and in marine sediments from the Atlantic
and Arctic Oceans (Nowaczyk, 1997; Nowaczyk and
Knies, 2000).
At its type locality, the MLE has two different
patterns that straddle a volcanic tephra (Ash x15) within
the Wilson Creek Formation. The MLE begins B15 cm
below and ends B15 cm above Ash x15, with the most
negative inclination occurring 10 cm below the tephra.
The lower part of the excursion is characterized by a
westerly declination (towards B3001) when the inclina-
tion is negative (B301) and the relative field intensity
is low. The upper part of the excursion is characterized
by an easterly declination (towards B1001) when the
inclination approaches +901 and when the relative
intensity is high (Coe and Liddicoat, 1994). Magnetic
intensity varied during the MLE; however, the event
occurred throughout a time interval characterized by a
generally low intensity (see Fig. 6 in Benson et al., 1998).
Two sediment cores from Summer Lake, Oregon,
contain the entire MLE (Negrini et al., 2000); however,
only the upper half of the MLE occurs in sediments
from the Pyramid Lake and Carson Desert Basins of
western Nevada (Liddicoat, 1992). The Carson Sink
tephra (Davis, 1978) has been found in association with
the MLE at the Carson Sink site in the Carson Desert
Basin (Liddicoat, 1992) and at the Pelican Point site in
the Pyramid Lake Basin (Liddicoat, 1996) (Fig. 1A).
Ash x15 and the Carson Sink tephra have nearly
identical chemical compositions, indicating that they
are the same tephra. The unique chemical composition
of Ash x15 allows it to be distinguished from other
tephras in the Mono Basin (Table 1). Hereafter, we refer
*Corresponding author. Tel.: +1-303-541-3005; fax: +1-303-447-
2505.
E-mail address: lbenson@usgs.gov (L. Benson).
0277-3791/03/$ - see front matter Published by Elsevier Science Ltd.
PII: S 0 2 7 7 - 3 7 9 1 ( 0 2 ) 0 0 2 4 9 - 4
to the tephra that occurs within the MLE by its earliest
designation (Ash x15).
A record of relative paleomagnetic field intensity for
the North Atlantic region has been constructed by
integrating magnetic data from six marine sediment
cores (NAPIS-75 stack). The stacked record was linked
to the GISP2 age model by correlation of the marine
planktonic d18O record to the GISP2 ice-core d18O
record (Laj et al., 2000). An intensity low centered at
B34,500 GISP2 yr BP in the NAPIS-75 stack identified
by Laj et al. (2000) as the MLE has also been linked to a
distinct perturbation in the 36Cl flux rate between
Dansgaard–Oeschger (D–O) events 6 and 7 (32,800
and 34,500 GISP2 yr BP) in the GRIP ice core (Wagner
et al., 2000). The perturbation in the 36Cl flux rate
occurred between B33,400 and B34,500 GISP2 yr BP
and peaked at 34,100 GISP2 yr BP
In the GRIP ice core, the paleomagnetic intensity
low and increased production of 36Cl associated with
the Laschamp excursion occur between B38,500 and
B43,000 GISP2 yr BP and the maximum in 36Cl
production occurs at B40,700 GISP2 yr BP The
assignment of this age range to the Laschamp excursion
is broadly consistent with earlier age determinations for
the volcanic flow that contains the excursion, recogniz-
ing that GISP2 ages are not equivalent to isotopically
determined ages. For example, Hall and York (1978)
obtained whole rock K–Ar and 40Ar/39Ar ages of
47,40071900 and 45,40072500 yr BP, and Gillot et al.
(1979) obtained a K/Ar date of 43,00075000 yr BP as
Fig. 1. (A) Sites in the Pyramid Lake Basin at which tephra and the Mono Lake excursion have been found. Magnetic measurements that would
indicate the position of the MLE were not done on PLC92B. (B) 14C data and the positions of the Trego Hot Springs (THS), Wono (W), Timber
Lake (TL), Carson Sink (CS)/Mono Lake Ash x15 tephra, and the upper half of the MLE. Measured 14C dates (14C yr BP) are underlined; calculated
dates (units yr BP) are not. Radiocarbon dates have not been corrected for a reservoir effect. Depths at the Pyramid Island and Pelican Point sites are
given relative to the THS which has been assigned a depth of 0.0m. Depths in the PLC92B core (Wizards Cove) are given relative to the sediment–
water interface. (C) Age model used in the calculation of the 14C ages of the Wono (W) and Timber Lake (TL) tephra found in core PLC92B.
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well as a thermoluminescence date of 44,10076500 yr
BP for the Laschamp flow.
2. Previous work
Recently, Kent et al. (2002) suggested ‘‘that the
distinct paleomagnetic feature with negative inclinations
at Mono Lake [the MLE] is correlative with the
Laschamp excursion.’’ Kent et al. (2002) based their
conclusion on new age models for the Wilson Creek
Formation using 14C dates of acid-leached ostracode
valves and 40Ar/39Ar age estimations of tephra. They
assumed that ostracode ages represented minimum
values and that 40Ar/39Ar ages represented maximum
values. Kent et al. (2002) concluded that the age of Ash
x15 ‘‘most probably occurred between 38 and 41 ka’’
and that this range overlapped ‘‘available age con-
straints for the Laschamp excursion’’
14C values of samples of inorganic carbon are subject
to three sources of error: (1) incorporation of old carbon
during precipitation of the sample (reservoir effect), (2)
mixing of reworked old carbonate with the sample, (3)
and incorporation of modern carbon after subaerial
exposure of the sample. Kent et al. (2002) did not
remove reworked ostracodes, assumed a reservoir effect
of 1000 yr, and minimized modern carbon contamina-
tion. Benson et al. (1990) showed that carbonates
deposited in the Mono Basin during the past 650 cal yr
exhibit a reservoir effect ranging from 1100 to 5300 yr.
Thus, the 14C dates of Kent et al. (2002) are most likely
overestimates of time of deposition.
3. The age of Ash x15 in the Pyramid Lake Basin
Sediments within the Pyramid Lake Basin offer an
opportunity for obtaining accurate and precise 14C age
estimates of Ash x15. Dates that relate to the age of Ash
x15 have been obtained on samples of organic carbon
contained in lacustrine sediments from three sites within
the Pyramid Lake Basin. The total organic carbon
(TOC) fraction in the Pyramid Lake Basin is mostly
composed of algae that obtain their carbon from
dissolved CO3
2 and HCO3
. Therefore, 14C dates
obtained from the TOC fraction will reflect the reservoir
effect in Pyramid Lake, but will not reflect later addition
of modern carbon. During the past 3000 yr, the Pyramid
Lake reservoir effect has been B600 yr (Benson et al.,
2002)
Liddicoat (1992,1996) determined the position of the
upper half of the MLE in outcrops within the Pyramid
Lake (Pyramid Island and Pelican Point) (Fig. 1A). In
1992, Benson et al. (1997) obtained a core (PLC92B)
from Wizards Cove (Fig. 1A). The Trego Hot Springs
(THS) and Wono tephra were found 5.07 and 7.90m
below the sediment–water interface and a third tephra,
believed to be the Timber Lake tephra, was found at a
depth of 8.50m (Fig. 1B). Sediments above the Wono
tephra in PLC92B and at the Pyramid Island site show
evidence of shallow-water conditions and subaerial
exposure (Figs. 7 and 8 in Benson et al., 1997). This
suggests that the rate of sedimentation between the
deposition of the THS and Wono tephra was not
constant and should not be used to assign ages to higher
or lower intervals at these sites. The Wono tephra was
deposited in shallow water at the Agency Bridge site
Table 1
Selected electron-microprobe and instrumental neutron-activation analyses of Wilson Creek (WC) and Carson Sink (CS) tephra beds
Ash No. K Sc Co Ba La Ce Eu Yb U
WCx1 4.62 1.79 0.21 o35 19.0 42.7 0.18 2.80 6.12
WCx2 0.69 13.30 23.40 477 14.5 31.9 1.17 1.28 0.24
WCx3 3.68 1.69 0.13 47 12.4 28.5 0.14 2.94 7.28
WCx4 3.54 1.64 0.10 42 11.9 26.8 0.13 3.04 7.30
WCx5 3.87 1.70 0.15 88 19.5 39.9 0.22 2.52 6.39
WCx6 3.87 1.73 0.15 64 19.6 41.3 0.22 2.71 6.64
WCx7 3.82 1.70 0.15 58 19.5 41.2 0.20 2.62 6.60
WCx8 3.98 1.57 0.13 52 14.9 33.9 0.20 2.69 6.92
WCx9 3.97 1.48 0.12 86 16.9 33.9 0.23 2.51 6.22
WCx10 3.70 1.67 0.13 104 16.0 32.0 0.24 2.62 6.78
WCx11 3.82 1.51 0.12 85 14.8 30.7 0.21 2.64 6.68
WCx13 3.93 1.54 0.14 45 13.4 30.5 0.20 2.68 6.52
WCx14 3.78 1.53 0.16 78 15.6 33.2 0.22 2.58 6.39
WCx15 4.53 1.81 0.22 161 22.2 54.1 0.27 2.37 6.00
WCx16 3.72 2.26 0.13 40 12.3 23.5 0.19 2.70 8.34
WCx17 4.13 2.12 0.47 46 18.5 35.9 0.23 2.45 6.39
WCx19 4.60 2.03 0.22 77 15.8 33.5 0.26 2.42 6.49
CS 4.42 1.87 0.20 164 20.8 45.7 0.27 2.45 6.17
Numbers in bold and italics indicate compositions that are similar to WC Ashx15. Concentrations in mg g1, except for K, which is in weight percent.
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(elevation 1203m a.s.l.) located southeast of Pyramid
Lake (Fig. 1A). Thus it was deposited in 61m of water
at the Wizards Cove site and in 43m of water at the
Pyramid Island and Pelican Point sites. Sediments
between the Timber Lake and Wono tephra generally
indicate fairly deep water conditions (Benson et al.,
1997). We, therefore, elected to use age controls located
below the Wono tephra to calculate ages of the Timber
Lake and Ash x15 events.
Three raw 14C ages from core PLC92B at depths of
8.58, 9.68, and 11.92m were extrapolated to obtain
Timber Lake tephra (28,1207300 14C yr BP) and Wono
tephra (27,3707300 14C yr BP) ages (Fig. 1C). The ages
of the two tephra were then used to estimate the age of
the Ash x15 (28,6207300 14C yr BP) at the Pyramid
Island site. The amount of sediment that accumulated
between the Wono and Timber Lake events was
identical at both sites, indicating similar sedimentation
rates (Fig. 1B).
We also used the ages of the Wono and Timber Lake
tephra to estimate the age (28,8707300 14C yr BP) of
the 1.6m organic-rich sediment sample from the
Pyramid Island site. This material had been previously
dated at 29,0007980 14C yr BP by Davis (1983),
supporting the validity of the constant sedimentation
rate model. We also accomplished a less rigorous
estimation of the age of the Ash x15 (28,8807? 14C
yr) at the Pelican Point site using the age of the Wono
tephra and assuming that the Pelican Point and Pyramid
Island sedimentation rates were identical; i.e.,
0.080 cmyr1. Two different approaches were used to
convert the most accurate 14C age estimate of Ash x15 to
calibrated years. The Voelker et al. (1998) calibration
(Fig. 2A) was used to calculate an age of 32,400 GISP2
yr BP for Ash x15. The newer calibration set from
Voelker et al. (2000) does not differ significantly from
the Voelker et al. (1998) data set within the age range of
interest. We also used the Kitagawa and van der Plicht
(1998) (Fig. 2B) varve-based chronology to calculate a
date of 31,700 cal yr BP for Ash x15; however, this date
is not relative to the GISP2 time scale and should not be
used for comparison with GISP2-based ages. The varve-
based age of the MLE may be comparable to isotope-
based age estimations, in which case the varve-based
calibrated age of Ash x15 is shown to be significantly
younger than isotope-based ages of the Laschamp
excursion.
A calculation using calibrated (Voelker et al., 1998)
14C dates that bracket Ash x15 in the Mono Basin and
the distance between the dated levels indicates that the
MLE occurred over approximately an 1800 yr time
interval. The Voelker et al. (1998) calibrated age of Ash
x15 and the duration of the MLE indicate that the MLE
occurred between 31,500 and 33,300 GISP2 yr BP. The
Voelker et al. (1998, 2000)-based dates for the MLE are
within the upper range of the relative paleomagnetic
intensity low (31,000 to 33,500 GISP2 yr BP) that has
been recognized within the NAPIS-75 stack as the MLE.
In addition, the GISP2 age of the upper MLE at the
Pyramid Island site is only slightly younger than the 36Cl
anomaly (B33,400 to B34,500 GISP2 yr BP) found in
GISP2 and the intensity low (B33,700 to B34,600
Fig. 2. (A) Polynomial fit to the core PS2644 calibration data set of Voelker et al. (1998). Open circles are data from planktonic foraminifera; filled
circles are from benthic foraminifera (not used in the fit). The thin solid line shows the conversion of the 14C age of Ash x15 to GISP2 yr. The heavy
dashed lines enclose the MLE interval. (B) Polynomial fit to the calibration data of Bard et al. (1998) (black diamonds) and Kitagawa and van der
Plicht (1998) (open circles). The thin solid line shows the conversion of the 14C age of Ash x15 to varve-calibrated yr.
L. Benson et al. / Quaternary Science Reviews 22 (2003) 135–140138
GISP2 yr BP) found in marine core PS2644 (Voelker
et al., 2000), all of which have been associated with the
MLE.
4. The Mono Lake excursion in the Summer Lake Basin
Negrini et al. (2000) have shown that the Wono
tephra lies above two paleomagnetic excursions in the
Summer Lake Basin. They compared the younger
excursion, which has an estimated 14C age range of
B27,300 to 29,500 14C yr BP, with the Mono Lake
inclination record and demonstrated it was equivalent to
the excursion that brackets Ash x15 in the Wilson Creek
section.
We therefore conclude that the excursion that
brackets Ash x15 is not the Laschamp excursion. Our
best estimate of the age of Ash x15 (not corrected for
reservoir effect) is 28,6207300 14C yr based on 14C data
from the Pyramid Lake Basin. This implies that the
MLE occurred between 31,500 and 33,300 GISP2 yr BP,
an age range consistent with its position in the NAPIS-
75 paleointensity stack (Laj et al., 2000). If the value of
the late-Holocene reservoir effect in Pyramid Lake is
applicable to the late-Pleistocene, Ash x15 has an age of
28,0207300 14C yr BP (31,800 GISP2 yr BP, Voelker
et al., 1998), a value also consistent with the position of
the MLE in the NAPIS-75 stack.
5. An alternative calculation of the age of ash x15 using
14C dates of leached ostracodes from the Wilson Creek
section
Ash x15 is located between leached ostracode samples
that have ages of 33,4007580 14C yr BP and
30,5107360 14C yr BP Linear interpolation of the two
dates yields an uncorrected 14C age of B31,700 14C yr
BP for Ash x15. Application of the range of reservoir
values (1100–5300 yr) associated with sediments depos-
ited during the past 6507yr, rather than the 1000 yr
value adopted by Kent et al. (2002), yields a reservoir-
corrected 14C age range of 26,400–30,600 14C yr BP for
Ash x15. This corresponds to 30,000 to 34,500 GISP2 yr
(Voelker et al., 1998)(Fig. 2A) which is consistent with
the age of the younger GRIP intensity low and 36Cl
anomaly (B33,400 to B34,500 GISP2 yr) associated
with the MLE but is clearly younger than the older
intensity low and 36Cl anomaly (B38,500 to B43,000
GISP2 yr) associated with the Laschamp excursion.
The 31,700 14C yr BP date (not corrected for reservoir
effect) for Ash x15 based on an interpolation of the raw
14C data of Kent et al. (2002) isB3100 yr older than the
age estimate for Ash x15 based on data from the
Pyramid Lake Basin. This suggests that a reservoir effect
of B3100 yr (approximately the midpoint of the range
of late-Holocene values) was characteristic of Mono
Lake water at the time of deposition of Ash x15, and/or
that reworked ostracodes containing ‘‘old’’ carbon may
have been included in samples submitted for 14C
analyses by Kent et al. (2002).
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